Introduction {#S0001}
============

Cirrhosis, the final common pathway for the majority of liver diseases, leads to 150,000 deaths in China each year.[@CIT0001] Discharging hospitalized patients with cirrhosis is a complex process because these patients are at risk for complications that require hospital readmission. In the United States, one-year readmission rates of decompensated cirrhosis patients reached more than 50%.[@CIT0002],[@CIT0003] Readmission results in a financial burden on the health care system and on patients and their family and caregivers.[@CIT0002],[@CIT0004] In addition, readmission may provoke anxiety among patients and undermine their confidence in their doctors and the medical system.[@CIT0005] Reducing the hospital readmission rate has been targeted as a high priority in the United States.[@CIT0005] In fact, reliable data of cirrhosis patients' readmission rates in China are limited.

Hospital readmission has been used as a marker of poor patient management and worse patient prognosis.[@CIT0006] The limitation of treatment methods has prompted researchers to explore risk factors of readmission, such as biomarkers and sociodemographic factors. Inpatients perform routine tests on admission, which are often used to determine patients' condition. As a measure of disease severity, the Model for End-Stage Liver Disease (MELD) score synthesizes three indicators of routine tests,[@CIT0007] but other biomarkers such as platelets, albumin, and cholinesterase are not fully utilized. While most studies have focused on short-term (30 days or so) readmissions, we chose to focus on the longer one-year window to identify potential sociodemographic factors affecting readmission of which social-demographic factors may play important roles.

Evaluating the factors that affect readmission among cirrhosis can help to identify risk factors that may be responsive to targeted interventions. In this study, we constructed a model using both clinical and nonclinical data to stratify readmission risk among patients with cirrhosis. Our aim was to estimate the readmission rate at one year after discharge and to identify associated risk factors of readmission.

Methods {#S0002}
=======

Patients {#S0002-S2001}
--------

This follow-up study on retrospective data was conducted at the Third People's Hospital of Kunming city in China. This hospital cares for a large proportion of cirrhosis patients in the region. We queried electronic medical records of hospitalized cirrhosis patients discharged between 2012 and 2015.

We identified unique index hospitalizations for adults (≥18 years) who were discharged with diagnoses consistent with cirrhosis as defined by the International Classification of Diseases, 10th revision, Clinical Modification (ICD-10-CM) diagnostic and procedural codes, after a review of each patient's chart by two experienced hepatologists. The two experienced hepatologists identified unique index admissions for patients who were diagnosed with cirrhosis based on liver biopsy (when available), and combined factors including clinical characteristics, biochemical, and imaging examinations.

A patient is diagnosed as having compensated cirrhosis if no apparent decompensated events occur. Cirrhosis is classified as decompensated if the patient has complications such as ascites and/or jaundice (bilirubin \>3 mg/dL) and/or upper digestive bleeding and/or encephalopathy at presentation. Our cohort subjects included all cirrhosis patients with and without decompensation in the first admission of the period of study. Patients were excluded if they: 1) died during the initial stay in hospital; 2) had hepatocellular carcinoma or HIV infection; 3) were end-stage renal failure or end-stage heart failure; or 4) received a liver transplant before or during the study period.

The first inpatient admission was considered as the index. Because the medical insurance department has a limit on the medical expenses for a single hospitalization in order to reduce overtreatment, we combined the records of those who were readmitted within the first 48 hrs of discharge into the index admission. The main outcome was whether the patient had at least one readmission in at least 48 hrs after the index admission. We also captured the records from the First Hospital Affiliated to Kunming Medical University to verify whether a patient was hospitalized during the study period.

Variables {#S0002-S2002}
---------

Medical records for eligible patients were individually reviewed. Baseline variables included sex, age, ethnicity, occupation, marital status, etiology of cirrhosis, and 12 laboratory examination indicators. The pathogenesis of cirrhosis was ascertained from the medical record and categorized as hepatitis B virus (HBV), hepatitis C virus (HCV), alcoholic liver disease (documented history of alcoholic misuse and absence of other risk factors), multiple causes, and others (including autoimmune hepatitis, drug-induced hepatitis, and Wilsonian hepatitis). Patients with HBV or HCV with a remote history of alcohol consumption were classified as viral. The outcome was one-year inpatient readmissions.

Principal components analysis {#S0002-S2003}
-----------------------------

We collected the patients' laboratory tests from the electronic medical record in the hospital. The items currently considered routine and important for patients with cirrhosis were total bilirubin (TB), direct bilirubin (DB), albumin (ALB), cholinesterase (CHE), prothrombin time (PT), prothrombin activity percentage (PT.P), prothrombin International Normalization Ratio (INR), platelets (PLT), fibrinogen (FIB), urea nitrogen (URE), creatinine (CRE), and uric acid (UA). We checked the distributions of lab test indicators and transformed some of them using the natural logarithm transformation for those that had a skewed distribution, including INR, PT, DB, TB, CHE, PLT, URE, and CRE. Multi-collinearity was detected by the Kaiser-Meyer-Olkin (KMO) test. To overcome this problem, we used principal components analysis (PCA) to convert these correlated laboratory parameters into fewer dimensions, which are completely independent from each other yet still relatively understandable. Measure of sampling adequacy (MSA) of factor analytic data matrices revealed an overall value of 0.83 indicating an acceptable fit. We used a scree plot to determine the optimal number of dimensions needed and a biplot to visualize the two first principal components. The first two components explained 61.5% of the total variance of the 12 indicators.

Statistical analysis {#S0002-S2004}
--------------------

Data were summarized as frequency counts and percentages for categorical variables, and mean with standard deviation or median with interquartile range for continuous variables. We used the χ^2^ test for categorical data and the Wilcoxon rank sum test for numerical data to examine univariate relationships between groups. We tried three multivariate logistic regression models and compared them with the AIC. Results indicated that the model using two dimensions from the PCA had a better fit ([Table S1](#ST0001)). Therefore, we used this model to identify independent predictors for readmissions within one year. The strengths of association were presented as odds ratios with 95% confidence intervals. Hosmer-Lemeshow goodness-of-fit test was used to evaluate the model fit.

Two-tailed *P*-values were reported, with values less than 0.05 considered as significant. All data analyses and visualizations were performed using R software version 3.4.1.[@CIT0008]

Ethical consideration {#S0002-S2005}
---------------------

Ethical approval was obtained from the Research Ethics Committee, Faculty of Medicine, Prince of Songkla University (REC: 61-048-18-1) and the Third People's Hospital of Kunming (Ref: 2,017,082,860). Patient consent to review their medical records was not required by the ethics committees. The names and identification numbers of all patients were encrypted before use to ensure confidentiality. Approval to conduct the study was done in compliance with the Declaration of Helsinki.

Results {#S0003}
=======

Study population {#S0003-S2001}
----------------

We identified 3,519 unique index admissions after applying the inclusion criteria. Ninety-eight patients with elective admission for scheduled therapeutic procedures (such as transjugular intrahepatic portosystemic shunt placement, hepatocellular cancer management) and 19 emergency patients admitted due to any diagnosis other than cirrhosis were excluded. Finally, 3,402 patients in the cohort with 6,625 admissions were analyzed.

[Figure 1](#F0001){ref-type="fig"} shows a graphical display of the correlation matrix for the 12 laboratory indicators. The graph clearly shows two clusters; the first cluster includes nine indicators, mostly related to liver function and coagulation, the other cluster containing three indicators is related to renal function.Figure 1Graphical display of the correlation matrix of the lab indicators.

Results from principal components analysis {#S0003-S2002}
------------------------------------------

PCA revealed two independent dimensions as shown in [Figure 2](#F0002){ref-type="fig"}, confirming the two clusters suggested by [Figure 1](#F0001){ref-type="fig"}. The bundle of blue arrows is almost perpendicular with those of the red arrows. The red arrows for liver function were separated into two opposite directions; those indicating a healthy liver are on the left-hand side and those for a damaged liver are on the right. Correlations between values of the biomarker indicators and the two dimensions (loadings) are displayed in [Table 1](#T0001){ref-type="table"}. Based on the meaning of indicators whose absolute correlation coefficients are greater than 0.5, we named the first dimension "liver function", which loaded highly on INR, PT, DB, TB, ALB, CHE, PT.P, PLT, and FIB; and named the second dimension "renal function", which loaded highly on URE, CRE and UA.Table 1Correlation coefficients between indicators and liver and renal function dimensionsIndicatorDimension 1 (liver function)Dimension 2 (renal function)lnINR0.88−0.04lnPT0.84−0.06lnDB0.76−0.18lnTB0.73−0.22ALB−0.71−0.04lnCHE−0.75−0.09PT.P−0.900.03lnPLT−0.53−0.02FIB−0.63−0.02lnURE0.240.76lnCRE0.200.81UA−0.080.72[^2] Figure 2Biplot showing the two principal components.**Abbreviations:** INR, international normalization ratio; PT, prothrombin time; DB, direct bilirubin; TB, total bilirubin; ALB, albumin; CHE, cholinesterase; PT.P, prothrombin activity percentage; PLT, platelets; FIB, fibrinogen; URE, urea nitrogen; CRE, creatinine; UA, uric acid.

Descriptive statistic on the characteristics of the subjects {#S0003-S2003}
------------------------------------------------------------

Demographic and clinical characteristics of patients' index admissions are shown in [Table 2](#T0002){ref-type="table"}. In general, 1,106 (32.5%) patients were farmers and 2,424 (71.3%) patients were male. 2,054 (60%) patients were aged between 40 and 60 years. The main origin of cirrhosis was hepatitis B virus (51.3%). The mean (standard deviation, SD) length of stay in the index admission was 21.8 (12.9) days. The mean (SD) value of the liver function dimension at discharge was −0.3 (2.1). The mean (SD) value of the renal dimension at discharge was −0.1 (1.2).Table 2Univariate association for readmission within one year after index admissionTotalNot re-admittedRe-admitted*P*-valueTotal34022425977Sex0.537 Female978 (28.7)705 (29.1)273 (27.9) Male2424 (71.3)1720 (70.9)704 (72.1)Ethnicity\<0.001 Han2505 (73.6)1854 (76.5)651 (66.6) Minority897 (26.4)571 (23.5)326 (33.4)Occupation\<0.001 Farmer1106 (32.5)882 (36.4)224 (22.9) Staff352 (10.3)246 (10.1)106 (10.8) Business man262 (7.7)191 (7.9)71 (7.3) Retired263 (7.7)182 (7.5)81 (8.3) Others1419 (41.7)924 (38.1)495 (50.7)Marital status\<0.001 Single204 (6)163 (6.7)41 (4.2) Married2426 (71.3)1795 (74)631 (64.6) Unknown772 (22.7)467 (19.3)305 (31.2)Length of stay (days)\<0.001 Mean (SD)21.8 (12.9)18 (11,26)24 (17,31)Age group0.004 \<40614 (18)461 (19)153 (15.7) 40--592054 (60.4)1472 (60.7)582 (59.6) 60+734 (21.6)492 (20.3)242 (24.8)Cause of disease0.003 HBV1746 (51.3)1280 (52.8)466 (47.7) HCV425 (12.5)271 (11.2)154 (15.8) Alcoholic307 (9)217 (8.9)90 (9.2) Multiple634 (18.6)445 (18.4)189 (19.3) Others290 (8.5)212 (8.7)78 (8)Liver function\<0.001Mean (SD)−0.3 (2.1)−0.7 (−2.1,1)0 (−1.5,1.4)Renal function0.333Mean (SD)−0.1 (1.2)−0.2 (−0.9,0.6)−0.2 (−0.9,0.4)

The readmission rate was plotted on a Kaplan-Meir curve as shown in [Figure 3](#F0003){ref-type="fig"}. A total of 997 (28.7%) patients were readmitted within one year of discharge. However, the actuarial probability of being readmitted within one year was 27.5%.Figure 3Kaplan-Meier curve showing probability of readmission within one year.

Univariate analysis {#S0003-S2004}
-------------------

The univariate association between each variable and one-year readmission are summarized in [Table 2](#T0002){ref-type="table"}. All variables except gender and renal function dimension were significant and were therefore included in the multivariable analysis.

Multivariable analysis {#S0003-S2005}
----------------------

In the multivariate logistic regression models ([Table 3](#T0003){ref-type="table"}), age group, ethnicity, occupation, marital status, underlying cause of disease, length of stay in the index admission, and the dimension of liver function were consistently significantly associated with the risk of hospital readmission within one year while sex and renal dimension were consistently not significant. Patients with a longer length of stay in the index admission (OR: 1.03; 95% CI: 1.03--1.04) and a higher dimension score of liver function (OR: 1.09; 95% CI: 1.05--1.13) were more likely to be readmitted within one-year.Table 3Logistic regression for predicting readmission within one year after index admissionCrude OR (95% CI)Adj. OR (95% CI)P (Wald's test)P (LR-test)Sex: Male vs Female1.06 (0.90,1.25)1.11 (0.92,1.35)0.2730.272Age group: ref.\<40 years0.002 40--591.19 (0.97,1.46)1.16 (0.93,1.44)0.182 60+1.48 (1.17,1.88)1.61 (1.22,2.11)\<0.001Ethnicity: Minority vs Han1.63 (1.38,1.91)0.58 (0.36,0.96)0.0350.027Occupation: ref.=Farmer\<0.001 Staff1.70 (1.29,2.22)1.73 (1.30,2.30)\<0.001 Businessperson1.46 (1.07,1.99)1.50 (1.08,2.08)0.015 Retired1.75 (1.30,2.37)1.33 (0.96,1.86)0.089 Others2.11 (1.76,2.53)1.64 (1.30,2.08)\<0.001Marital status: ref.=Single\<0.001 Married1.40 (0.98,1.99)1.62 (1.12,2.36)0.011 Unknown2.60 (1.79,3.77)3.80 (2.05,7.06)\<0.001Cause of disease: ref.=HBV0.021 HCV1.56 (1.25,1.95)1.51 (1.19,1.91)\<0.001 Alcohol1.14 (0.87,1.49)1.03 (0.78,1.37)0.837 Multiple1.17 (0.95,1.43)1.08 (0.88,1.33)0.472 Others1.01 (0.76,1.34)1.02 (0.75,1.39)0.912Length of stay1.04 (1.03,1.04)1.03 (1.03,1.04)\<0.001\<0.001Liver function1.10 (1.07,1.14)1.09 (1.05,1.13)\<0.001\<0.001Renal function0.95 (0.90,1.01)0.98 (0.92,1.05)0.5880.587

For other variables, patients who were older (≥60 years) had a significantly higher odds of one-year readmission than younger age patients (\<40 years) (OR: 1.61; 95% CI: 1.22--2.11). Compared with farmers, patients who were staff or businesspersons had a higher odds of one-year readmission (OR: 1.73; 95% CI: 1.30--2.30, and OR: 1.5; 95% CI: 1.08--2.08, respectively). Patients who were married had a higher odds of one-year readmission than those who were single (OR: 1.62; 95% CI: 1.12--2.36). Finally, HCV patients were more likely to be readmitted within one year than HBV patients (OR: 1.51; 95% CI: 1.19--1.91).

Discussion {#S0004}
==========

Our study found that readmission among patients with cirrhosis is common in the study area. We used principal components analysis to reduce the number of laboratory test indicators into two dimensions, namely "liver function" and "renal function". Further analysis indicated that liver function and not renal function could significantly predict the risk of readmission within one year. Other significant predictors included age, ethnicity, occupation, marital status, underlying cause of disease, and length of stay in the index admission.

From other studies, the readmission rate of cirrhosis patients ranges from 21.2% to 53% for 90 days[@CIT0003],[@CIT0009] and 19.7% for one year.[@CIT0010] This wide range may be due to the difference in patients' severity and after discharge care. The rate in our study was in the lower part of this range suggesting that some inpatients may not be very severe. Patient's choice of medical visit is completely independent in China. That is to say, if cirrhosis patients feel symptoms, they are free to choose hospitals. It is possible that inpatients may not be fully fit for in-patient treatment and the condition may be resolved with out-patient treatment.

Various indicators of liver subfunction such as substance synthesis (ALB, CHE), bile management (TB, DB) and coagulation regulation (PT, INR, PT.P, PLT, FIB) are well correlated and form a "liver function" dimension. Our data suggested that damage to the liver from the disease process consistently affected these subfunctions. High correlations were also found among biomarkers of renal function (URE, CRE, UA). In many systemic diseases, renal and liver function may be damaged together, such as systemic lupus erythematosus and chemical poisoning. However, among the chronic liver diseases in this series, the dimension of liver function was quite distinct from the renal dimension. This could be explained that most readmissions were due to liver problems. Thus, avoiding exposure to potential hepato-toxic substances such as alcohol and some hepatotoxic drugs are very important among these patients.

In our study, patients with HCV infection had a significantly higher risk of readmission compared to patients with other etiologies. This may be attributed to Hepatitis C patients usually having a more severe prognosis.[@CIT0011] Oral antiviral therapy is universal for hepatitis B cirrhosis patients and physicians assess the need for antiviral therapy for these patients in China.[@CIT0012] Patients with hepatitis B cirrhosis have benefited from years of oral antiviral therapy.[@CIT0013] On the other hand, for hepatitis C patients, direct acting antivirals as a new effective medication were not available during the study period.[@CIT0014]

Our study showed that patients with a longer length of stay in the index admission were more likely to be readmitted in the year after discharge. This result is consistent with another study from the US.[@CIT0004] The longer length of stay may indicate a relatively poorer functional status of the index admission. These patients, therefore, need careful discharge planning and psychosocial support to decrease readmission rates.

Except for gender, sociodemographic factors identified in this study such as age group, ethnicity, occupation, marital status, underlying cause of disease, length of stay in the index admission, and the dimension of liver function were stronger predictors of readmission. Consistent with other studies, older age was associated with an increase in hospital readmissions.[@CIT0004],[@CIT0015]

Minority ethnic group were less likely to be readmitted within one year compared to Han, the major ethnic group in China. This finding is contrary to a previous report by Joynt et al.[@CIT0016] but is consistent with a recent report by Singh et al.[@CIT0017] We did not have information on income and education level of the patient from this retrospective dataset. Chinese who belong to a minority ethnic group and farmers, groups which are likely to have a lower socio-economic status compared to Han and other occupational groups, were less likely to be readmitted. This is contrary to our initial expectation as patients with a lower socioeconomic status should have worse home care and thus be more likely to be readmitted. One possible explanation could be that they had stronger barriers for readmission such as financial constraints and transportation problems. A prospective cohort study with complete follow up is needed to confirm these findings.

Our study illustrates that married patients have a higher risk of one-year readmission than single patients. Married patients may gain more family support and thus have more access to medical services.

We found that the odds of readmission for males and females was not significantly different. Although other studies have found that readmissions among women were less likely than men in cirrhotic patients[@CIT0018] and in non-cirrhotic populations,[@CIT0019] the source of the protective benefit is not clear. It may be due to psychosocial differences in the way women seek healthcare.[@CIT0018] One may also hypothesize that hormone levels in men are affected due to damage of the estrogen inactivation. However, this mechanism is not confirmed and there is no evidence of any benefit of testosterone for cirrhotic patients.[@CIT0020]

Our hospital is specialized in liver diseases. Patients with complicated renal problems often receive more sophisticated treatment at other hospitals where renal replacement therapy procedures are more commonly performed. Our results may have therefore suffered from referral bias. We were unable to account for potential censoring of patients after their discharge from hospital nor could we collect data on alcohol consumption. We attempted to minimize this effect by excluding patients who died within one year post-discharge. Lastly, the study was done in a single province of China, thus generalizability of our results to other countries must be made with caution.

In conclusion, factors affecting hospital readmission in cirrhosis patients are multiple and complex. Biomarkers and sociodemographic factors can identify patients at high risk for readmission with moderate accuracy. Our data indicate the need to emphasize proper liver care to older patients who have been hospitalized for a long time.

Supplementary material {#S0006}
======================

Table S1Comparison of models for predicting readmission within one year after index admissionModel 1 (PCA): AIC 3848.2Model 2 (MELD): AIC 3859.6Model 3 (MELDNa): AIC 3863.4OR (95% CI)P (LR)OR (95% CI)P (LR)OR (95% CI)P (LR)Sex: Male vs Female1.11 (0.92,1.35)0.272Sex: Male vs Female1.12 (0.93,1.35)0.235Sex: Male vs Female1.13 (0.94,1.36)0.205Age: ref.\<40 years0.002Age: ref.\<40 years0.001Age: ref.\<40 years\<0.001 40--591.16 (0.93,1.44) 40--591.17 (0.94,1.46) 40--591.18 (0.95,1.46) 60+1.61 (1.22,2.11) 60+1.62 (1.24,2.13) 60+1.63 (1.25,2.13)Ethnicity: Minority vs Han0.58 (0.36,0.96)0.027Ethnicity: Minority vs Han0.59 (0.36,0.97)0.029Ethnicity: Minority vs Han0.60 (0.36,0.98)0.032Occupation: ref.=Farmer\<0.001Occupation: ref.=Farmer\<0.001Occupation: ref.=Farmer\<0.001 Staff1.73 (1.30,2.30) Staff1.65 (1.24,2.19) Staff1.63 (1.23,2.16) Businessperson1.50 (1.08,2.08) Businessperson1.46 (1.06,2.02) Businessperson1.44 (1.04,2.00) Retired1.33 (0.96,1.86) Retired1.30 (0.93,1.81) Retired1.29 (0.93,1.80) Others1.64 (1.30,2.08) Others1.60 (1.27,2.03) Others1.59 (1.26,2.01)Marital status: ref.=Single\<0.001Marital status: ref.=Single\<0.001Marital status: ref.=Single\<0.001 Married1.62 (1.12,2.36) Married1.59 (1.09,2.31) Married1.58 (1.09,2.29) Unknown3.80 (2.05,7.06) Unknown3.79 (2.04,7.02) Unknown3.74 (2.02,6.92)Cause of disease: ref.=HBV0.021Cause of disease: ref.=HBV0.013Cause of disease: ref.=HBV0.016 HCV1.51 (1.19,1.91) HCV1.51 (1.19,1.91) HCV1.50 (1.18,1.90) Alcohol1.03 (0.78,1.37) Alcohol1.18 (0.88,1.58) Alcohol1.11 (0.83,1.48) Multiple1.08 (0.88,1.33) Multiple1.10 (0.89,1.35) Multiple1.10 (0.89,1.36) Others1.02 (0.75,1.39)0 Others0.95 (0.70,1.29) Others0.94 (0.69,1.28)Length of stay1.03 (1.03,1.04)\<0.001Length of stay1.03 (1.03,1.04)\<0.001Length of stay1.03 (1.03,1.04)\<0.001Liver function1.09 (1.05,1.13)\<0.001MELD1.02 (1.00,1.04)0.015MELDNa1.01 (1.00,1.02)0.146Renal function0.98 (0.92,1.05)0.587[^3]
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